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Executive Summary
Student parking when attending class seems to be an issue at most universities. At
Western Michigan University, it is a particular issue near the Haworth College of Business and
Rood Hall. Students regularly struggle to find parking spaces in a timely manner when attending
class in this area. Parking in this area currently consists solely of asphalt parking lots. It was our
goal to both increase parking capacity and green space in this area. We will do this by designing
a multi-level parking garage that will provide a more efficient use of parking space. As you will
see later on, our project will not only increase the parking capacity on the lot we chose to build
by approximately 50%, but it will also free up hundreds of square feet of additional space that
can be used as green space to create a more environmentally sustainable and aesthetically
pleasing area. Our report will detail the process that led us to create our parking structure. It will
detail the type of structure we chose to use and why. It will also show the structural, geotechnical,
and traffic design processes and all requirements, codes, and specifications used in our project.
There will be a detailed estimate and construction schedule, as well as the sustainability factors
we took into consideration. The primary software used in our project were SAP2000 for structural
design purposes, AutoCAD for design drawings, Mathcad for lengthy equation calculations,
RSMeans for estimating, and Microsoft Project for scheduling. It is estimated that our project will
take approximately 122 calendar days to complete and cost $5,323,526.
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1

Introduction

1.1 Understanding the Project
For years Western Michigan University students have experienced problems with parking
on Student Lot 72W and Lot 61, located on WMU’s main campus near the Haworth College of
Business and Rood Hall. Figure 1 shows all parking lots in this area, who is allowed to park in what
areas, and images showing the parking state of the areas designated as commuter (student)
parking during peak parking hours.

LOT 72W

LOT 61
Figure 1: Existing Parking Lots and Current Peak Hour Status

Lot 61 is primarily designated for the parking of WMU Employees, with a few rows
reserved for student parking. During peak parking hours, the small area allotted for student
parking in Lot 61 is always at or near capacity. Unable to find a spot, students may drive to Lot
72W with hopes of finding a place to park, only to find themselves driving in circles as that lot is
also typically at or near capacity during peak parking hours. During these peak parking hours,
students must wait for someone to leave the parking lot and free up a spot, at which point the
fight for who will be the first to claim it begins. This painstaking process leads to student tardiness
and frustration. To avoid tardiness, or to avoid missing class entirely, some students may take
the risk and park in non-student spaces. However, as many students have witnessed firsthand,
this regularly results in being served with expensive parking tickets, another burden for the
typical, monetarily-strained college student.
9

Between the loss of in-person education time and parking tickets, students can often be
out hundreds if not thousands of dollars a year, simply because the proper parking capacity does
not exist. To tackle this issue, we have designed a multi-level parking structure to occupy a
portion of Lot 72W on the corner of Ring Rd N and Business Ct. The parking structure will increase
the parking capacity of Lot 72W by approximately 50% and is designed to serve only students,
particularly those in the Haworth Business college and those involved in the math and science
courses at Rood Hall. The structure shows a commitment to student development which can lead
to increased enrollment and enrollment revenue. It is also an additional selling point for the
Haworth College of Business which already sits on Princeton Review’s list of best business
schools.

1.2 Constraints
Because the construction of our parking structure is on an existing student parking lot,
there will be few significant environmental or social impacts. The social impact will be very
minimal as we are simply taking an area, already designated for student parking, and building a
student parking garage. The largest constraint will be time. Since the existing lot will be out of
commission during construction, the already strained parking situation in the area will be
significantly worse. Fortunately, we will have the summer months, May through August, where
few students are on campus, to complete construction. However, we are aware that this is a very
tight window and provides a significant constraint to the scope of work that we will be able to
undertake. If our project was to run into the beginning of the fall semester, students would be
impacted as their parking options would be even more limited than before. Lastly, the way this
project was procured did not involve specific budgetary limits. That being said, our team did not
neglect the fact that cost is a constraint in every engineering endeavor. This project was no
exception. Taking cost into account as a constraint allowed us to provide the best product at the
most efficient price.
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1.3 Analysis of Alternatives
Before we began structural design of our parking structure, we had to consider what type
of structure we wanted to build. Generally speaking, there are 3 types of structures used in large
scale buildings required to carry heavy loads. Those structure types include steel supported
structures, cast-in-place concrete structures, and pre-cast concrete structures. In the following
table, Table 1, we break the different structure types down into 7 different consideration factors
and ranked them on scale of 1-5, with different considerations carrying different weights. For the
purpose of this scale, the higher the score the better. The maximum score any structure type can
receive is 50.
Table 1: Structure Type Design Considerations and Rankings

As you can see in the table, we broke the structure types down into flexural strength,
compressive strength, overall constructability, construction time, cost, durability, and
environmental impacts. Overall, the precast concrete structure received the highest score. With
regards to flexural strength, concrete itself has a very low tensile strength but, because of the
ability to place steel rebar within the concrete, it still has a relatively high flexural strength
capability. For overall constructability, both the cast-in-place and precast concrete structures
received exceptionally high scores because all aspects of a parking garage can be made of
concrete. Steel received a lower score because it cannot be used for the slabs of our parking
structure, and thus, we would still require a significant amount of concrete to construct the slabs.
Steel is also not ideal for the staircases we will require. For construction time, precast concrete
received the highest score because placing precast concrete structures is essentially a matter of
playing Tetris. All members are pre-designed to sit directly on top of the others via precast
haunches. Steel received a lower score because while it would be fairly quick and easy to
construct the steel frame, connecting the concrete slabs to the frames would be much more
intricate and time consuming, especially on the inclined ramp sections. Cast-in-place concrete
11

received the worst score possible for construction time because of its requirement for concrete
field curing. Overall, precast concrete and steel have similar construction costs while cast-in-place
concrete tends to be more expensive due to additional construction time and the need for
concrete formwork. With regards to durability, cast-in-place concrete would be the most durable
structure due to concrete being a more durable material over time than steel, especially in the
corrosive environments that our parking structure will be subject to. Precast concrete and steel
received the same score because, while concrete is generally more durable over time, the precast
concrete structure will have additional joints relative to cast-in-place concrete. These joints will
make it subject to additional corrosive and weathering conditions that the cast-in-place concrete
structure will not be subject to. Lastly, the steel structure received the highest sustainability score
because steel is a recyclable structural material while concrete is not. The cast-in-place concrete
structure received a slightly higher score than the precast concrete structure with regards to
sustainability because its additional durability will allow it to last for longer.
After taking all these considerations into account, and when considering our most
pressing constraint, time, we decided to select a precast concrete structure. We believe that this
will provide us with a more than capable parking structure and give us the best chance of being
able to construct our parking structure in the 4-month window that we have.
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1.4 Scope of Work
1.4.1 Structural Scope
The structural scope included an overall design of the structure as well as a structural
analysis of the parking garage. This included understanding the various loads that act on the
structure throughout its life and how those loads are carried throughout the structure. Our
structure consists of precast reinforced concrete members: beams, columns, and pre-topped
double-tees which act as the floor slab system. These are the main structural components of the
parking structure we designed. Our structural scope does not include the design of any member
connections or bearing plates. Drafts of the design, and the design members, are displayed
throughout this report using AutoCAD. All members are designed to accommodate all building
codes enforced by the state of Michigan.
The structural scope for the design of the precast double-tees is entirely limited to the
pre-designed members available in the Precast/ Prestressed Concrete Institute Handbook. Using
the loads we calculated to be present on our parking structure, we selected previously designed
precast double-tees with given dimensions and reinforcement. We selected these double-tees
using the appropriate PCI loading tables and made sure to select members that have load
capacities greater than the calculated applied loads that will be present on our parking structure.
The structural scope for the design of the beams involved using the PCI Handbook loading
tables for beams to select general section dimensions that would be adequate to support the
loads applied to them. We then designed customized reinforcing steel, different from the
reinforcement steel listed in the PCI Handbook. We did this for a few reasons. First, we wanted
to display what we’ve learned in our structural design courses during our time at WMU. Secondly,
while the PCI handbook gives the amount and type of reinforcing steel in certain cross sections,
it does not give the reinforcing steel configuration. It also only uses no. 4 rebar which we decided
was not ideal for our requirements. Lastly, as you will see later, one of the beam’s loading
requirement was not met by any pre-designed PCI Handbook beam at the length we required.
Because of this, we decided to design our own reinforcing steel that we could assure would be
adequate. We only considered flexure and shear when designing the beams used in our parking
structure. Design for torsion was not included in our scope.
The structural scope for the design of the columns included using SAP2000 to select
adequate column dimensions and then using the PCI Handbook interaction curves for precast,
reinforced columns to select adequate longitudinal reinforcing steel. We also designed for the
longitudinal reinforcing ties.
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1.4.2 Geotechnical Scope
The geotechnical scope included designing the foundational supports for our parking
structure. A geotechnical report was procured from SME for a location very near to our
construction site. We used this geotechnical report to determine the most suitable type of
foundational system and necessary size, depth, and quantity of the components making up that
system. Our geotechnical scope includes why we chose to use a driven pile/pile cap foundational
system, the size, amount, and location of our driven piles, and the dimensions and layouts of our
pile caps. Not included in our geotechnical scope is reinforcing steel design for the pile caps as
our experience in that area is limited. Drafts of the foundation design was executed and displayed
using AutoCAD.
1.4.3 Transportation Scope
The transportation scope including the design of our structure’s overall parking geometry.
This include effectively utilizing the structures floor area to provide the maximum amount of
parking spaces while maintaining a comfortable driving experience throughout the structure. The
parking geometry adheres to MDOT’s Geometric Design Guidance manual prepared by traffic
and safety.
1.4.4 Estimating and Scheduling Scope
The estimating scope included utilizing RSMeans by including all necessary line items of
materials to calculate the total cost of the parking structure. Many factors are considered in a
given line item for a specific activity including raw materials cost, equipment fees, and labor fees.
The scheduling scope included developing the GANTT chart/construction schedule for the
summer months of May through August of 2022. While developing this chart, many tasks were
linked with one another as certain tasks cannot not be started until preceding tasks are
completed. The activity durations and overall schedule duration is based off a standard five-day
work week and does not account for potential weekend working days.
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1.5 Deliverables
•
•

•

•

•

•
•

•
•
•
•

Excavation and Grading Quantities and Elevations
Structural Analysis
o Load Calculations
o SAP2000 Analysis
o PCI Design Tables and Processes Used in Selection of Precast Double-Tees
o Mathcad Calculations Used in Beam Design
o PCI Interaction Curves and Processes Used in Selection of Columns
Structural Design
o Cross Section Dimensions and Steel Reinforcement for Precast Double-Tees
o AutoCAD Design Drawings Depicting All Reinforcement and Relevant Section
Dimensions for Beams and Columns
Geotechnical Analysis
o Soil Profile Analysis
o Soil Bearing Capacity Analysis
Geotechnical Design
o Design and Capacities of Selected Driven Piles
o Pile Cap Design
o AutoCAD Design Drawings Depicting Driven Pile/Pile Cap Foundations
Traffic Design
o AutoCAD Drawings Depicting Parking Layout for All Levels
Detailed Estimate
o RS Means estimates exported to spreadsheet form including material, labor, and
equipment fees.
Construction Schedule
o Microsoft Project Gantt chart outlining all tasks of construction.
Promotional Video
Project Presentation
Project Poster
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2

Site Plan

2.1 Site Logistics Plan
During the preconstruction/planning phase, there are parameters that need to be fulfilled
prior to starting any work. One of those parameters is the development of a document called a
Site Logistics Plan. The site logistics plan is important for maintaining safety and productivity. This
plan displays where the site fence outlining construction limits will go, where field personnel
trailers will be placed, and designated material delivery and laydown areas. Directly to the right
of the site fence will be where all equipment, trucks, and materials come into the site. For this
coordination, it is necessary to have a full-time traffic flagger, required site and road signage, and
awareness on site to ensure safety between construction personnel and the public.

Figure 2: Site Logistics Plan
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2.2 Excavating and Grading
The previous parking lot was laid out on top of an uneven subsurface. In order to achieve
a level subsurface for construction, excavation and grading will occur onsite prior to construction.
To determine the volume of the soil that must be excavated, it was important to establish a goal
elevation to be reached across the site. This was achieved by taking elevation measurements at
multiple cross sections across our construction site. Using online topography resources,
elevations for various locations on our construction site were taken. The four corners of our
construction zone were measured and are shown below in Figure 3.
NW – 911 ft

NE – 913 ft

SW – 911 ft

SE – 913 ft

Figure 3 - Elevations on Site

It was determined that excavating our site to a finished level-elevation of 908 feet would
be ideal. This finished grade elevation was selected in order to combat the frost line and better
protect the pile caps in our structure. In the state of Michigan, footings are required to be a
minimum of 42 inches deep, measured from the finished grade to the bottom of the footing. To
reach this desired depth, the East side of the site will be cut down 5 feet and the West side 3 feet.
These dimensions were used to establish a typical cross section of the excavation site shown in
Figure 4.

Figure 4 – Typical Site Elevation Cross-Section

The total volume that will need to be excavated was found by multiplying the area shown
in Figure 4 by the width of the structure. The final volume to be excavated was determined to be
7218 yd3. That calculation was performed as follows:
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Volume to be Excavated
(3ft +5ft) * (280ft) * (1/2) = 1120 ft2
(1120 ft2) * (174ft) = 194,880 ft3
(194,880 ft3) / (27 ft3/ yd3) = 7217.78 yd3
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3

Structural Analysis

3.1 Analysis and Selection of Precast Double-Tees
In the vertical loads calculated below, we used ASCE7-10, “Minimum Design Loads for
Buildings and Other Structures,” and selected the appropriate loads and LRFD load combination
equations to determine the controlling loads present on our parking structure. For the 3rd level
double-tee, we determined that LRFD load combination 3 would control. This was due to the
snow load present on the top level of our parking structure.
3rd Level Loads on Double-Tees
Snow Load = 35 psf (obtained from ASCE7-10)
Live Load = 40 psf (obtained from sponsor)
Wind Load = 7.83 psf (calculated from ASCE7-10 procedures & shown in Figure 1 of Appendix II)
LC3 = 1.6(35) +40 = 96 psf
2nd Level Loads on Double Tees
For the 2nd Level double-tee, we determined that LRFD load combination 2 would control,
as the only load type present on this level is a live load.
Live Load = 40 psf (obtained from sponsor)
LC2 = 1.6(40) = 64 psf
Precast Double-Tee Selection
We then used the load tables in the Precast/Prestressed Concrete Institute Design
Handbook (8th Ed) to select the precast double tee sections that would be suitable to carry these
loads. The loading tables shown in the PCI handbook include both members with no additional
concrete topping, and members topped with 3 inches of normal weight concrete. For the
selection, we only considered members with the 3-inch additional normal weight concrete
topping, as that is standard for most parking structures. It should be noted that the PCI Design
Handbook states in Chapter 3 section 3.1 that, “For deck components with composite topping,
15 lb/ft2 of the capacity shown is assumed as superimposed dead load.” This means that the
precast double-tee we choose must be able to withstand the required controlling load plus an
additional 15 psf. Tables 2 and 3 show the PCI double-tee loading tables used in the selection
process.
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3rd Level Double-Tee Member Selection

Table 2: PCI Loading Table Used in 3rd Level Double-Tee Selection

Using the 58-foot required member span, we selected a 10DT32+3 188-S double-tee for
the 3rd level of our parking structure with 10 representing the member width in feet, DT
representing double-tee, 32+3 representing the member height in inches with the additional 3inch topping. The 188-S portion of the member description is represented in Figure 5. The type
of strand, or rebar, used is no. 4 bar.

Figure 5: Strand Pattern Designation

This member supports up to 118 psf which is greater than sum of the calculated required
load of 96 psf plus the additional 15 psf specified in 3.3.1 of the PCI Handbook.
20

2nd Level Double-Tee Member Selection

Table 3: PCI Loading Table Used in 2nd Level Double-Tee Selection

Using the 58-foot required member span, we selected a 10DT32+3 148-S double-tee for
the
level of our parking structure. The only difference between the member selected for the
rd
3 level and the member selected for the 2nd level is the number of strands being equal to 14
instead of 18. This member supports up to 94 psf which is greater than the sum of the calculated
required load of 64 psf plus the additional 15 psf specified in 3.3.1 of the PCI Handbook. Figure 1
in Appendix I shows the section dimensions of the selected double-tees.
2nd
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3.2 Analysis and Selection of Precast Beams
When designing the beams for our parking structure, we used a multi-step process of first
using the PCI loading tables (Tables 4-7 in this report) for inverted T-beams and L-beams to select
the dimensions of the precast concrete beams we will design for. Then, using SAP2000 software,
we used those dimensions to determine the minimum required reinforcing steel necessary to
withstand the loads present on the structure. One important thing to note is that the stems from
the double-tees shown in Figure 1 of Appendix I sit directly on the extruding portions of the
beams, shown in Figure 2 of Appendix I, and the loads are transferred as point loads to the beams
rather than distributed loads. However, when selecting the appropriate beam section dimensions
from the PCI handbook, we treated the loads on the beams as distributed loads, because the load
capacities given in the PCI loading tables are in lb/ft. When designing for the reinforcing steel, we
did treat each double-tee stem as point loads acting directly on the beams for better accuracy.
Overall, it was determined that our parking structure would require 4 different types of beams.
It is important to note that, for the loading tables used in this section, Chapter 3 section 3.1 of
the PCI Design Handbook states that “For beams, 50% of the capacity shown in the load table is
assumed as superimposed dead load.” This means that one-half of the load shown in the PCI load
tables must be greater than the entirety of the calculated required controlling loads. All beams,
with the exception of the beams shown in Figure 6 are subjected to one half of the force from
the 58-foot span width of the double-tee stems. The beams highlighted in red in Figure 6 are
subjected to the entire force of the 58-foot span width of the double-tee stems.

Figure 6: Inverted T-Beam Sections Subjected to Full Span Width Loading
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3rd Level L-Beams Not Highlighted in Figure 6
Required loading = 96 psf x 58/2’ = 2784 lb/ft
Table 4: PCI Loading Table Used in Selection of 3rd Level L-Beam

Using the 40-foot beam span length, we selected a 26LB40 section, with the 26
representing the bottom beam width in inches, LB representing that the beam is a L-beam, and
40 representing the overall beam height in inches. The overall dimensions can be found in Figure
2 in appendix I with h1 being 24 inches and h2 being 16 inches. These beams will be referred to
as “3rd Level L-Beams” as we move forward. This beam section is able to carry one half of the
5720 lb/ft shown in Table 4, which is greater than the 2784 lb/ft that it will be required to carry.
However, these are just preliminary numbers used to get a general idea of the overall beam
dimensions necessary to meet the loading requirements. In section 3.3.1 we will design custom
reinforcing steel for the beam dimensions specified above and give exact loading capacities and
requirements.
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2nd Level L-Beams Not Highlighted in Figure 6
Required loading = 64 psf x 58/2’ = 1856 lb/ft
Table 5: PCI Loading Table Used in Selection of 2nd Level L-Beam

Using the 40-foot beam span length, we selected a 26LB36 section, with the 26
representing the bottom beam width in inches, LB representing that the beam is a L-beam, and
36 representing the overall beam height in inches. The overall dimensions can be found in Figure
2 of Appendix I with h1 being 24 inches and h2 being 12 inches. These beams will be referred to
as “2nd Level L-Beams” as we move forward. This beam section is able to carry one half of the
4610 lb/ft shown in Table 5, which is greater than the 1856 lb/ft that it will be required to carry.
However, these are just preliminary numbers used to get a general idea of the overall beam
dimensions necessary to meet the loading requirements. In section 3.3.1 we will design custom
reinforcing steel for the beam dimensions specified above and give exact loading capacities and
requirements.
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3rd Level Inverted T-Beams Highlighted in Figure 6
Required loading = 96 psf x 58’ = 5568 lb/ft

Table 6: PCI Loading Table Used in Selection of 3rd Level Inverted T-Beam

Using the 40-foot beam span length, we selected a 40IT44 section, with the 40
representing the bottom beam width in inches, IT representing that the beam is an inverted Tbeam, and 44 representing the overall beam height in inches. The overall dimensions can be
found in Figure 2 of Appendix I with h1 being 28 inches and h2 being 16 inches. These beams will
be referred to as “3rd Level T-Beams” as we move forward. This beam section is able to carry one
half of the 9950 lb/ft shown in Table 6, which is actually slightly less than the 5568 lb/ft that it
will be required to carry. Despite this, we decided to proceed with these beam section
dimensions, as it is the largest beam section provided in the PCI loading table at the required
span length. Later, we will accommodate for the lower than required strength with additional
reinforcement steel for the beam dimensions specified above. This is calculated in section 3.3.1.
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2nd Level T-Beams Highlighted in Figure 6
Required Loading = 64 psf x 58’ = 3712 lb/ft

Table 7: PCI Loading Table Used in Selection of 2nd Level Inverted T-Beam

Using the 40-foot beam span length, we selected a 40IT40 section, with the first 40
representing the bottom beam width in inches, IT representing that the beam is an inverted Tbeam, and the second 40 representing the overall beam height in inches. The overall dimensions
can be found in Figure 2 of Appendix I with h1 being 24 inches and h2 being 16 inches. These
beams will be referred to as “2nd Level T-Beams” as we move forward. This beam section is able
to carry one half of the 7960 lb/ft shown in Table 7, which is greater than the 3712 lb/ft that it
will be required to carry. However, these are just preliminary numbers used to get a general idea
of the overall beam dimensions necessary to meet the loading requirements. In section 3.3.1 we
will design custom reinforcing steel for the beam dimensions specified above and give exact
loading capacities and requirements.
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3.2.1 SAP2000 Loading Calculations
When designing the reinforcing steel used in the beams of our parking structure, we used
SAP2000 software and broke our parking structure down into two-dimensional frames. When
looking at Figure 6 in the section above, you can see that there are 4 individual frames that span
the length of our parking structure. We refer to the two inner frames as “Inside Frame” and the
two outer frames as “Outside Frame” and assume that the two inner and two outer frames are
identical respectively. The frame configurations, as well as the designated beam type definitions,
can be seen in Figures 3 and 4 of Appendix I. It should be noted that SAP2000 only allows for the
input of rectangular beam sections, so the beam sections input into SAP2000 exclude the
extruding portions of the beam sections shown in Figure 2 of Appendix I. It is assumed, however,
that these additional concrete portions would only further contribute to the structural capacity
of the beams. Figures 5 and 6 in Appendix I show how all loads calculated in this section are
applied over the entirety of the two different frames. The highlighted loads in this section
indicate the loads that are directly applied to the frames as shown in Figures 5 and 6 of Appendix
I.
Vertical Loading on 3rd Level L-Beams
As discussed above, the loads applied on the beams are applied as point loads from the
stems of the double-tees that rest on the extruding portions of the beams. In addition, there is a
wall load resulting from a 3-foot high, 1-foot-thick brick wall that spans around the entirety of
our parking structure and on both sides of the inner ramp. We treat this load as a distributed load
across the beams. We chose not to factor this load as it is very small relative to the load applied
from the double-tee. It is assumed that factoring those loads will more than account the
additional wall load factoring.
Brick Weight = 5 lb
Brick Volume = .04167 ft3
Wall Load = 3’(1’)/.04167 ft3 x 5 lb = 0.36 k/ft
Snow Load = 35 psf
Live Load = 40 psf
Wind Load = 7.83 psf (Figure 1 Appendix II)
Dead Load from Double-Tee = 102 psf
LC3 = 1.2(102) + 1.6(35) + 40 = 218 psf x 5 ‘ x 29’ = 31.6 k per double-tee stem
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Vertical Loading on 2nd Level L-Beams
Wall Load = .36 k/ft
Live Load = 40 psf
Dead Load from Double-Tee = 102 psf
LC2 = 1.2(102) = 1.6(40) = 186 psf x 5’ x 29’ = 27.1 k per double tee stem
Vertical Loading on 3rd Level T-Beam
The loading on the 3rd level T-beam will be twice that of the 3rd level L-beam and will be
equal to 63.2 k. These beams are however not subject to wall loading.
Vertical Loading on 2nd Level T-Beam
The loading on the 2nd level T-beam will be twice that of the 2nd level L-beam and will be
equal to 54.2 k. These beams are however not subject to wall loading.
Horizontal Loading on Frames
Horizontal wind load calculations can be found in Figure 1 of Appendix II
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3.2.2 Design of Reinforcing Steel
All beams in our parking structure are simply supported, meaning that they are supported
by a pin-roller connection combination. This means that all maximum moments occur at the
center of the beam spans and all maximum shears occurs at the ends of the beams. Figures 7 and
8 in Appendix I show the shear and moment distributions on the frames with blue colors
representing positive values and red colors representing negative values. For simplicity purposes,
we only considered Grade 60 no. 9 bars for use in the flexural steel design. No. 4 bars were used
for all shear steel design, however, the T-Beams required Grade 60 steel while the L-Beams only
required Grade 40 steel.
Reinforcement Design of 3rd Level L-Beams
The location and applied loadings on the 3rd Level L-Beams can be found in Figures 3-6
of Appendix I. Figures 1 and 2 of Appendix III show the AutoCAD drawings for the flexural and
shear steel design of the 3rd Level L-Beams with all applicable dimensions.
Minimum Required Flexural Steel from SAP2000
As > .068209 ft2 x 122 = 9.82 in2
Select 12 no. 9 bars
As = 12 in2 > 9.82 in2
In this case we could have used 10 no. 9 bars, but we felt that was too close to the
minimum requirement, so we selected 2 additional bars to be cautious.
Flexural Steel Design
Wu = (.36 + .15(1.5)(3.33)) = 1.11 k/ft
Vu = 31.7(8)/2 + 1.11(40)/2 = 149 k
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Figure 7: Shear Force Distribution on 3rd Level L-Beam

Figure 7 shows the shear force distribution along the 3rd Level L-Beam. The figure only
shows half of the beam span but, because it is a simply supported beam with uniform loading
across its span, the other half of the beam span would have values equal and opposite to the
values shown in Figure 7. The maximum moment is known to be equal to the area under the
shear force diagram. The calculated required flexural capacity and calculations verifying that the
3rd Level L-Beams meet all ACI requirements for flexural steel can be found in Figure 2 of Appendix
II.
Shear Steel Design

Figure 8: Factored Shear Force Distribution on 3rd Level L-Beam

Figure 8 shows the factored shear force used for calculation of required shear steel.
The calculations verifying that the 3rd Level L-Beams meet all ACI requirements for shear steel
can be found in Figure 3 of Appendix II.
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Reinforcement Design of 2nd Level L-Beams
The location and applied loadings on the 2nd Level L-Beams can be found in Figures 3-6 of
Appendix I. Figures 3 and 4 of Appendix III show the AutoCAD drawings for the flexural and shear
steel design of the 2nd Level L-Beams with all applicable dimensions.
Minimum Required Flexural Steel from SAP2000
As > .067028 ft2 x 122 = 9.65 in2
Select 12 no. 9 bars
As = 12 in2 > 9.65 in2
In this case we could have used 10 no. 9 bars, but we felt that was too close to the
minimum requirement, so we selected 2 additional bars to be cautious.
Flexural Steel Design
Wu = (.36 + .15(1.5)(3)) = 1.035 k/ft
Vu = 27.1(8)/2 + 1.035(40)/2 = 129 k

Figure 9: Shear Force Distribution on 2nd Level L-Beam
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Figure 9 shows the shear force distribution along the 2nd Level L-Beam. The figure only
shows half of the beam span but, because it is a simply supported beam with uniform loading
across its span, the other half of the beam span would have values equal and opposite to the
values shown in Figure 9. The maximum moment is known to be equal to the area under the
shear force diagram. The calculated required flexural capacity and calculations verifying that the
2nd Level L-Beams meet all ACI requirements for flexural steel can be found in Figure 4 of
Appendix II.

Shear Steel Design

Figure 10: Factored Shear Force Distribution on 2nd Level L-Beam

Figure 10 shows the factored shear force used for calculation of required shear
steel. The calculations verifying that the 2nd Level L-Beams meet all ACI requirements for shear
steel can be found in Figure 5 of Appendix II.
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Reinforcement Design of 3rd Level T-Beams
The location and applied loadings on the 3rd Level T-Beams can be found in Figures 3-6 of
Appendix I. Figures 5 and 6 of Appendix III show the AutoCAD drawings for the flexural and shear
steel design of the 3rd Level T-Beams with all applicable dimensions.
Minimum Required Flexural Steel from SAP2000
As > 0.11541 ft2 x 122 = 16.62 in2
Select 18 no. 9 bars
As = 18 in2 > 16.62 in2
Flexural Steel Design
Wu = .15(2)(3.667) = 1.1 k/ft
Vu = 31.7(16)/2 + 1.1(40)/2 = 275 k

Figure 11: Shear Force Distribution on 3rd Level T-Beam

Figure 11 shows the shear force distribution along the 3rd Level T-Beam. The figure only shows
half of the beam span but, because it is a simply supported beam with uniform loading across its span,
the other half of the beam span would have values equal and opposite to the values shown in Figure
11. The maximum moment is known to be equal to the area under the shear force diagram. The
calculated required flexural capacity and calculations verifying that the 3rd Level T-Beams meet all ACI
requirements for flexural steel can be found in Figure 6 of Appendix II.
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Shear Steel Design

Figure 12: Factored Shear Force Distribution on 3rd Level T-Beam

Figure 12 shows the factored shear force used for calculation of required shear steel. The
calculations verifying that the 3rd Level T-Beams meet all ACI requirements for shear steel can be
found in Figure 7 of Appendix II.
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Reinforcement Design of 2nd Level T-Beams
The location and applied loadings on the 2nd Level T-Beams can be found in Figures 3-6 of
Appendix I. Figures 7 and 8 of Appendix III show the AutoCAD drawings for the flexural and shear
steel design of the 2nd Level T-Beams with all applicable dimensions.
Minimum Required Flexural Steel from SAP2000
As > 0.11162 ft2 x 122 = 16.1 in2
Select 18 no. 9 bars
As = 18 in2 > 16.1 in2
Flexural Steel Design
Wu = .15(2)(3.333) = 1 k/ft
Vu = 27.1(16)/2 + 1(40)/2 = 237 k

Figure 13: Shear Force Distribution on 2nd Level T-Beam

Figure 13 shows the shear force distribution along the 2nd Level T-Beam. The figure only shows
half of the beam span but, because it is a simply supported beam with uniform loading across its span,
the other half of the beam span would have values equal and opposite to the values shown in Figure
13. The maximum moment is known to be equal to the area under the shear force diagram. The
calculated required flexural capacity and calculations verifying that the 2nd Level T-Beams meet all
ACI requirements for flexural steel can be found in Figure 8 of Appendix II.
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Shear Steel Design

Figure 14: Factored Shear Force Distribution on 2nd Level T-Beam

Figure 14 shows the factored shear force used for calculation of required shear steel. The
calculations verifying that the 2nd Level T-Beams meet all ACI requirements for shear steel can be
found in Figure 9 of Appendix II.
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Spandrel Beam Design
In order to support the wall loads present around the outside of our parking structure,
we designed spandrel beams to be placed at ends of the parking structure, highlighted in red in
Figure 15. We used a beam height of 24 inches, a beam width of 18 inches, and a beam length of
58 feet. These beams were designed by hand and SAP2000 software was not used in the process.
The calculations showing required flexural capacity and shear reinforcement and calculations
verifying that the spandrel beams meet all ACI requirements for flexure and shear can be found
in Figures 10 and 11 of Appendix II respectively. The final flexural and shear AutoCAD drawings,
along with all relevant dimensions can be found in figures 9 and 10 of Appendix III.

Figure 15: Spandrel Beam Locations
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3.3 Analysis and Selection of Precast Columns
Using the applied loads on the outside and inside frames shown in Figures 5 and 6 of
Appendix I respectively, we began a trial-and-error process in SAP2000 to select the proper
column sizes for our parking structure. For simplicity, we only considered square column options.
The process included inputting set column dimension for each individual column, analyzing the
frame as a whole, and then using the design feature in SAP2000 to design the column steel
reinforcement. If the selected size of the columns were not adequate for the applied loads they
would appear red. We continued this process until the SAP2000 software determined that all
column sizes were adequate. The results of this process and the location of the selected column
sizes are shown below. All columns are short columns and are not subjected to slenderness
effects
18”x 18” Columns
Figure 16 shows the locations of the columns with the smallest selected dimensions.
These columns are subjected to smaller applied loads because of their corner locations, and thus
do not require as large of a gross area.

Figure 16: 18"x 18" Column Locations
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24”x 24” Columns
Figure 17 shows the locations of the columns with the largest selected dimensions. These
columns are subjected to larger loads than any other columns in the structure due to their
proximity to the end-bays. They are required to carry both L-Beams and the end-bay T-beams
which support much larger loads than any other beams in our parking structure.

Figure 17: 24"x 24" Column Locations
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20”x 20” Columns
Figure 18 shows the most typical column size. This column size makes 24 out of the 32
columns in the entire structure. The columns not circled are all subjected to identical loadings.
The columns that are circled are all subjected to identical loadings respectively, but differ from
the non-circled columns in that they carry half of the T-beam loads. In contrast, the non-circled
columns carry 1 full L-beam load. These loads are identical, because the T-beams carry twice the
load as the L-beams, thus, ½ of a T-Beam load equals 1 full L-beam load. However, the circled
columns carry the spandrel beams. The loads resulting from these beams are small respective to
the other loads, but do present an additional load on those columns. Given that the spandrel
beam loads are small relative to the L-beam and T-beam loads, all columns highlighted in figure
18, both circled and non-circled, are subjected to similar overall loadings. The circled columns are
simply subjected to slightly larger loadings than the non-circled columns resulting from the
spandrel beams.

Figure 18: 20"x 20" Column Locations
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3.3.1 Design of Reinforcing Steel
For simplicity, we decided to design all columns with the 3 different column sizes
identically, this meaning all 18”x 18” columns have identical reinforcement, all 20”x 20” columns
have identical reinforcement, and all 24”x 24” columns have identical reinforcement. To do this,
we used SAP2000 to identify the specific columns for each different column size that are
subjected to the largest maximum moments and axial loads. These columns, their respective
maximum moments, and the reinforcement we selected for them are shown below.
18”x 18” Columns
Because loading and placement of all 18”x 18” columns are identical and symmetrical
respectively, the specific location of the column with the maximum axial force and bending
moment is quite literally dependent on whichever way the wind blows and, thus, is not shown.
However, the maximum axial force taken from SAP2000 is equal to 181 k, and the maximum
bending moment is equal to 19 k-ft. Using the PCI handbook interaction curve for “Precast,
Reinforced Columns,” we determined the required reinforcing steel as follows.

Figure 19: 18"x 18" PCI Interaction Curve for Precast, Reinforced Columns

Using the interaction curve shown in figure 19, we used the maximum axial force (y axis)
and maximum moment (x-axis) and determined the point at which those values intersected. In
this case, it was less than the minimum required ρ value of 1% so we selected the lowest level of
reinforcement greater than 1%, 4 no. 9 bars, provided in the table. For the column ties, we
selected no. 4 ties which met the standard for ACI section 25.7.2.2 and used ACI section 25.7.2.1
to determine a maximum tie spacing equal to the least of:
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16(db longitudinal bar) = 16(1.128) = 18”
48(db of tie bar) = 48(1/2) = 24”
Least dimension of member = 18”
Though 18 inches was the maximum determined value, we decided to select no. 4 ties
spaced at 16 inches to be cautions. The AutoCAD drawings for the longitudinal steel and steel
ties for the 18”x 18” columns can be found in Figure 11 of Appendix III.

24”x 24” Columns
Because loading and placement of all 24”x 24” columns are also identical and symmetrical
respectively, the specific location of the column with the maximum axial force and bending
moment is conditions dependent and is not shown. However, the maximum axial force taken
from SAP2000 is equal to 436 k, and the maximum bending moment is equal to 51 k-ft. Using the
PCI handbook interaction curve for “Precast, Reinforced Columns,” we determined the required
reinforcing steel as follows.

Figure 20: 24"x 24" PCI Interaction Curve for Precast, Reinforced Columns
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Using the interaction curve shown in figure 20, we used the maximum axial force (y axis)
and maximum moment (x-axis) and determined the point at which those values intersected. In
this case, it was less than the minimum required ρ value of 1%. However, because this particular
column is fairly large, we decided not to select the 4 no. 11 bars shown as the minimum required
reinforcement, but rather to select 8 no. 8 bars. This gave us a ρ value of 1.1% but provided more
reasonable spacing of the longitudinal bars. For the column ties, we selected no. 4 ties which met
the standard for ACI section 25.7.2.2 and used ACI section 25.7.2.1 to determine a maximum tie
spacing equal to the least of:
16(db longitudinal bar) = 16(1) = 16”
48(db of tie bar) = 48(1/2) = 24”
Least dimension of member = 24”
In this case, we did elect to choose no. 4 bars spaced at 16 inches. The AutoCAD drawings
for the longitudinal steel and steel ties can be found in Figure 12 of Appendix III.

20”x 20” Columns
In the case of the 20”x 20” columns, certain columns are subjected to slightly different
loadings than others, and thus the location of the column subjected to the maximum axial force
and moment is dependent on the difference in loading. Figure 9 of Appendix I shows where the
20”x 20” column with the greatest maximum moment and axial force is located. As you can see
in the figure, the leeward outside column (highlighted in red) in the inside frame is subjected to
the largest axial force and maximum moment. These values, taken from SAP2000, are equal to
340 k and 37 k-ft respectively. Using the PCI handbook interaction curve for “Precast, Reinforced
Columns,” we determined the required reinforcing steel as follows.
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Figure 21: 20"x 20" PCI Interaction Curve for Precast, Reinforced Columns

Using the interaction curve shown in figure 21, we used the maximum axial force (y-axis)
and maximum moment (x-axis) and determined the point at which those values intersected. In
this case, it was less than the minimum required ρ value of 1% so we selected the lowest level of
reinforcement greater than (or equal to) 1%, 4 no. 9 bars, provided in the table. For the column
ties, we selected no. 4 ties which met the standard for ACI section 25.7.2.2 and used ACI section
25.7.2.1 to determine a maximum tie spacing equal to the least of:
16(db longitudinal bar) = 16(1.128) = 18”
48(db of tie bar) = 48(1/2) = 24”
Least dimension of member = 20”
Though 18 inches was the maximum determined spacing, we decided to select no. 4 ties
spaced at 16 inches to be cautions. The AutoCAD drawings for the longitudinal steel and steel
ties can be found in Figure 13 of Appendix III.
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3.4 Structural Design of Ramp
We decided to design the ramp in our parking structure as a separate structural system.
The upper-level ramp connecting the 2nd and 3rd levels uses the same precast double-tee,
10DT32+3 188-S, as the 3rd level precast double-tee selected above, as they are subjected to
similar loading. The lower-level ramp connecting the ground level and 2nd level uses the same
precast double-tee, 10DT32+3 148-S, as the 2nd level precast double-tee as, they are subjected
to similar loading. Unlike the rest of our parking structure, however, the stems from the precast
double tees do not sit on perpendicular beams, but rather they sit directly on a system of
columns, spaced at 5-foot increments in conjunction with the 5-foot double-tee stem spacing,
along the length of the ramp. This system is shown below in figure 22.

Figure 22: Ramp Layout

The two ramps connecting the ground level to the 2nd Level and the 2nd Level to the 3rd
Level span a length of 200 feet and rise a height of 12 feet each. This gives an angle of inclination
equal to tan-1(12/200) = 3.434 degrees which is less than the 6-degree maximum inclination that
allows parking to be available on a ramp. This allows us to have parking spaces along the ramp,
increasing its overall parking capacity. Figure 23 below shows the vertical and lateral loading that
the columns are subjected to as a result of the inclined ramp. Figure 23 also shows 2 horizontal
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beams connecting the two columns. These beams exist to transfer the lateral loads and keep the
structure from swaying. For the selection of these beams, we used a trial-and-error process in
SAP2000 to minimize deformation while using an economical amount of material. The final
determination was to use one beam, no more than 6 feet from the top of the columns, and no
more than 12 feet from the bottom of the columns. If this was not possible, a second beam would
be introduced to meet the requirements. This meant that any column-set taller than 18 feet
would have 2 connecting beams, and any column-set shorter than 18 feet would only have 1
connecting beam. We refer to the connecting beam-column sets as H-Columns. Figure 23 shows
the H-Column configuration with the tallest columns. Their heights are equal to 24 feet, and they
support the double-tee stems located at the top of both ramp sections. The beams are spaced at
6 feet apart with the top beam being 6 feet from the top of the columns in accordance with the
design standards listed above. It is assumed that this configuration is subjected to the most
extreme bending and loading conditions and any columns shorter, with the same dimensions and
reinforcing steel, will be adequate.

Figure 23: H-column Loading
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Using SAP2000 we determined that 14”x 14” columns and 20”x 14” beams would be
adequate to support the applied loads from the double-tee stems. For the H-Pile columns we
selected 4 no. 7 bars, As = 4(.6) = 2.4 in2, for the longitudinal reinforcement which was greater
than the minimum reinforcing steel required according to SAP2000 of 2.02 in2. The maximum
longitudinal reinforcement tie spacing is equal to the least of:
16(db longitudinal bar) = 16(7/8) = 14”
48(db of tie bar) = 48(1/2) = 24”
Least dimension of member = 14”
So, we selected no. 4 ties with a tie spacing of 14 inches. For the 20”x 14” connecting
beams we selected 2 no. 7 bars both in the top and bottom of the beams due to their fixed
connections with the columns and subsequent positive and negative moments. The As = 2(.6) in2
was greater than the minimum requirement from SAP2000 of As = 0.866 in2 in both the top and
bottom of the beam. Shear reinforcement in the beams was not required as the maximum V u in
the beams obtained from SAP2000 was equal to 10.413 k which when divided by Φ=.75 gave a
value less than Vc/2.
Vc/2= 2(5000).5(14)(17.5)/2= 17.3 k < 10.413/.75 = 13.9 k
Figure 14 of Appendix III shows the AutoCAD drawings for all reinforcement and
relevant dimensions used in the H-Columns.
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Figure 24: Lateral Deformation of H-Columns

As you can see in Figure 24, the maximum deformation of the H-Column is 0.0119 feet or
0.143 inches which is a very reasonable deformation. It can also be assumed that since the ramp
resides within the outer structure that it will be braced from lateral deformation by that outer
structure as those frames have slightly smaller deformation as you will see in the following
section.
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3.5 Selection and Configuration of Bracing
In order to support our parking structure against lateral wind forces, we provided braces
at certain locations along the length of the frames. We selected the brace locations using a trialand-error process in SAP2000. We first used the AISC Steel Construction Manual to select the
lightest W-A992 steel member available at the required unbraced length, and then checked for
adequacy in SAP2000. It should be noted that given the short height of our parking structure, in
conjunction with the large base, the overall lateral forces on our parking structure are minimal,
and thus it was determined that the lightest available member was adequate. Using table 6-2 in
the AISC manual, and the unbraced brace length of Lc = (402 + 122)5= 41.76’, it was determined
that a W10x49 member made of A992 steel was the lightest available member at the length we
required. We then used several different bracing arrangements within the individual frame
sections and came up with the following arrangement. The location, overall deformation, and
adequacy check of both the inside and outside frames are shown in figures 25 and 26
respectively.

Figure 25: Deformation and Adequacy Check for Inside Frame
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As you can see, the largest deformation in the inside frame occurs near the two-outside
column/beam connections. This overall max deformation is roughly equal to 0.0077 feet which
equates to 0.0924 inches. This is a very reasonable number in concrete design. The figure also
shows that SAP2000 determined the frame to be stable as there were 0 eigenvalues found during
analysis.

Figure 26: Deformation and Adequacy Check for Outside Frame

Figure 26 shows that, in the outside frames, the max overall deformation occurs along
the
level interior beams and is approximately equal to 0.0063 feet or 0.0756 inches. Again,
this is a very reasonable number. The figure also shows that SAP2000 found 0 eigenvalues in the
outside frames and thus determined them to be stable as well.
3rd

50

The selected bracings only laterally support our parking structure along its 280-foot
length. In order to laterally support our parking structure along its 174-foot width, we will be
placing 4 36-foot-long concrete shear walls in the locations indicated in figure 27 below. These
walls will ensure that our parking structure is stable in all directions, and they will not interrupt
traffic flow in any way. It is also worth noting that the staircases located in the corners of our
parking structure will also help to laterally brace it.

Figure 27: Shear Wall Locations
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4

Geotechnical Analysis

4.1 Analysis of Soil Conditions
For the determination of the site soil conditions, we were provided a geotechnical report
used in the construction of the Haworth College of Business. The site of this report was
approximately 700 feet from the center of our construction site, so it is assumed that the same
soil conditions exist at both sites. The structure to be constructed for the provided geotechnical
report was also a 3-level building so recommendations from the report are assumed to be
applicable to our parking structure.
Soil conditions
There are essentially two different soil layers at our construction site. The soil boring logs
in the geotechnical report linked in the “Resources and References” section of this report show
3 layers, however, the only difference between the bottom and middle layers is that the bottom
layer is a fine to medium sand, while the middle layer is a fine to coarse sand. Both layers are
natural sand deposits, light brown, medium dense, damp, and are poorly graded sands (SP), so
we consider these two layers to be the same for the purpose of calculating soil bearing capacity.
The top layer is a mixed sand and clay fill. This top layer was determined in the geotechnical
report to, “be unsuitable in their present condition for support of foundations.” As a result, we
determined the most optimal foundational system would be to use driven piles that would allow
the weight of our parking structure to be transferred into the natural sand layer. Using the 8 soil
boring logs provided to us, we calculated an average layer depth to create one uniform profile to
be used. The top sand-clay fill is 12 feet deep with an effective unit weight, γ’, of 122 lb/ft3, angle
of friction, φ’, of 35 degrees, and an average N value of 10 blows/ft. The bottom natural sand
layer extends to a depth of 35’. This is the minimum depth of the provided soil boring logs. We
use this as the maximum depth we will drive our piles to. The natural sand layer has a γ’ of 120
lb/ft3, a φ’ of 37.9 degrees, and an average N value of 20 blows/ft. The calculations for these
values are shown in Table 8. Figure 10 of Appendix I shows the overall soil profile for our site.
Table 8: Layer Depth and N-Value Calculations
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γ’ and φ’ for Top Sand and Clay Fill Layer
Using Table 9 from Bowels, Foundation Analysis, we determined that, for a cohesive soil
with an N value of 10, the γ’ to be equal to 122 lb/ft3.
Table 9: Relationship between N-Values and Unit Weight for Cohesive Soils

γ’= 120 + (10-8)/(32-8)(140-120) = 122 lb/ft3

Using Table 10 from geotechdata.info we determined that, for a clayey sand, φ’ is
approximately equal to 30 – 40 degrees. We decided to select an average value of 35 degrees.
Table 10: Relationship Between Soil Type and Angle of Friction

γ’ and φ’ for Bottom Natural Sand Layer
Using Table 11 from Bowels, Foundation Analysis, we determined that, for granular soils
with an N value of 20, the γ’ to be equal to 120 lb/ft3.
Table 11: Relationship between N-Values and Unit Weight for Granular Soils
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γ’= 110 + (20-10)/(30-10)(130-110) = 120 lb/ft3
To calculate φ’ for the bottom natural sand layer, we used Skempton’s equation for
calculating N60 and Hatanaka and Uchida’s equation relating N60 to φ’. Table 12 show the values
for the factors used in Skempton’s equation.
Table 12: Values Used in Skempton's Equation

Borehole diameter = 2”
Standard Sampler
Rod length > 30’
USA Safety Donut
N60 = .55(1)(1)(1)(20)/.6 = 18.33 round down to 18
φ’= (20x18).5 +20 = 37.9 degrees.
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4.2 Design of Driven Piles
The force that the piles will be required to carry is equal to the applied loadings on the
structure and the weight of all structural components that are transferred into the given piles.
For the driven pile design, we selected a factor of safety equal to 2, so the piles must be able to
carry at least twice the load that is applied to them. The calculations for the toe bearing capacity
of the bottom natural sand layer, of which the driven piles will be embedded into, can be found
in Figure 12 of Appendix II.
18”x 18” Column Pile Design
Pu= 27.1(4) + 31.7(4) + .36(20+29) + .15(29)(2)(1.5) +.15(20)(744/144) +.15(20)(848/144)
+ .15(182/144)(24) + .15(5.252)(2.5) = 321k
For the 18”x 18” columns we selected 14-inch diameter piles. The toe bearing capacity of
the soil from these columns is equal to the soil bearing capacity times the cross-section area of
the pile minus the weight of the pile. The 27.5-foot height of the pile represents the 35-foot depth
of the pile minus the pile cap depth and the 5-foot depth of the ground level of our parking
structure.
Pt = 100π(7/12)2 - .15π(7/12)2(27.5) = 102.7 k
The side friction capacity of the soil is equal to the amount of upward friction that each
layer of the soil profile in contact with the pile can carry. A table summary of the calculations for
the side friction capacity of the soil is shown in Table 13.
Table 13: Side Friction Calculation for 14” Driven Pile

Pn = 102.7 + 103.6 = 206 k
By selecting 4 14-inch diameter piles, the total force that the piles will be able to carry is
equal to 4(206) = 824 k which gives is a factor of safety equal to 2.57>2.
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20”x 20” Column Pile Design
Pu= 27.1(8) + 31.7(8) + .36(40) + .15(40)(744/144) +.15(40)(848/144) + .15(202/144)(24)
+ .15(72)(3.5) = 587k
For the 20”x 20” columns we selected 20-inch diameter piles. The toe bearing capacity of
the soil from these columns is equal to the soil bearing capacity times the cross-section area of
the pile minus the weight of the pile. The 26.5-foot height of the pile represents the 35-foot depth
of the pile minus the pile cap depth and the 5-foot depth of the ground level of our parking
structure.
Pt = 100π(10/12)2 - .15π(10/12)2(26.5) = 209.5 k
The side friction capacity of the soil is equal to the amount of upward friction that each
layer of the soil profile in contact with the pile can carry. A table summary of the calculations for
the side friction capacity of the soil is shown in Table 14.
Table 14: Side Friction Calculation for 20” Driven Pile

Pn = 209.5 + 147.5 = 357 k
By selecting 4 20-inch diameter piles, the total force that the piles will be able to carry is
equal to 4(357) = 1428 k which gives is a factor of safety equal to 2.43>2.
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24”x 24” Column Pile Design
Pu= 27.1(12) + 31.7(12) + .15(20)(1216/144) +.15(20)(1312/144) + .15(20)(744/144) +
.15(20)(848/144) + .15(242/144)(24) + .15(82)(5) = 854k
For the 24”x24” columns we selected 24-inch diameter piles. The toe bearing capacity of
the soil from these columns is equal to the soil bearing capacity times the cross-section area of
the pile minus the weight of the pile. The 25-foot height of the pile represents the 35-foot depth
of the pile minus the pile cap depth and the 5-foot depth of the ground level of our parking
structure.
Pt = 100π(12/12)2 - .15π(12/12)2(25) = 301.7 k
The side friction capacity of the soil is equal to the amount of upward friction that each
layer of the soil profile in contact with the pile can carry. A table summary of the calculations for
the side friction capacity of the soil is shown in Table 15.

Table 15: Side Friction Calculation for 24” Driven Pile

Pn = 301.7 + 174.3 = 476 k
By selecting 4 24-inch diameter piles, the total force that the piles will be able to carry is
equal to 4(476) = 1904 k which gives is a factor of safety equal to 2.23>2.
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4.3 Design of Pile Caps
Using the equations shown in Figure 28 from thestructuralworld.com we were able to
design the required dimensions of the pile caps and the spacing of the connected piles. In these
equations, s represents the center to center spacing of the piles and α represents the spacing
factor equal to 2 – 3 depending on soil conditions. We used an average value of 2.5 for α.
AutoCAD drawings for all 3 different pile cap/driven pile configurations calculated in this section
can be found in Figures 15-17 of Appendix III.

Figure 28: Pile Cap Dimension Requirements and Pile Spacing

18”x 18” Column Pile Caps with 14” Diameter Piles
s = 2.5(14/12) = 2.92’ round up to 3’
B = (2.5 +1)(14/12) + 300/304.8 = 5.07’ round up to 5.25’
d = 14(25.4) = 356 mm< 550 mm
H = 2(14/12) = 2.33’ round up to 2.5’
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20”x 20” Column Pile Caps with 20” Diameter Piles
s = 2.5(20/12) = 4.17’ round up to 4.25’
B = (2.5 +1)(20/12) + 300/304.8 = 6.82’ round up to 7’
d = 20(25.4) = 508 mm< 550 mm
H = 2(20/12) = 3.33’ round up to 3.5’

24”x 24” Column Pile Caps with 24” Diameter Piles
s = 2.5(24/12) = 5’
B = (2.5 +1)(24/12) + 300/304.8 = 7.98’ round up to 8’
d = 24(25.4) = 610 mm> 550 mm
H = 1/3[8(2) – (600/304.8)] = 4.68’ round up to 5’
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4.4 Design of Ramp Driven Piles and Pile Caps
For the design of the driven piles used to support the ramp, we used 1 pile to support
each column along the ramp. Each pile will be offset 2.5 feet from the columns which are spaced
at 5-foot increments along the ramp in conjunction with the double-tee stems. Figure 29 shows
how each pile transfers roughly half of the loading from the column to its left and half of the
loading from the column to its right, or 1 full column load.

Figure 29: Ramp-Column to Ramp-Pile Load Transformation

Pu = 27.1 + 31.7 + .15(24)(14/12)2 +.15(2)(5/2-7/12)(20/12)(14/12) + .15(5)(2)(2) = 67.8 k
For the ramp driven piles, we selected piles with a 12-inch diameter. The toe bearing
capacity of the soil from these columns is equal to the soil bearing capacity times the crosssection area of the pile minus the weight of the pile. The 28-foot height of the pile represents the
35-foot depth of the pile minus the pile cap depth, 2 feet, and the 5-foot depth of the ground
level of our parking structure.
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Pt = 100π(6/12)2 - .15π(6/12)2(28) = 75.2 k
The side friction capacity of the soil is equal to the amount of upward friction that each
layer of the soil profile in contact with the pile can carry. A table summary of the calculations for
the side friction capacity of the soil is shown in Table 16.
Table 16: Side Friction Calculation for 12” Driven Pile

Pn = 75.2 + 89.3 = 165 k
By selecting 12-inch diameter piles spaced at every 5 feet along the length of the ramp
and along both sides of the ramp, the total force that the piles will be able to carry is equal to
165 k, which gives us a factor of safety, Pn/Pu, equal to 2.19>2.
Figure 18 of Appendix III shows the AutoCAD drawing depicting the ramp driven
pile/pile cap configuration.
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5.

Traffic Design

A lot goes into the development of an effective parking layout. The first step is the most
basic; how big does a single parking spot need to be? MDOT (Michigan Department of
Transportation) specifies the minimum parking layout dimensions for four different angles of
parking. The most basic parking angle is 90°, at this angle a parking stall is required to be at least
8.5 feet wide and 18 feet deep. Other angles include 45°, 52°30’, and 60°. These are often used
where one-way traffic operations exist. One-way traffic in parking garages is utilized in garages
where there is simply not enough space for two-way traffic. Our site allows enough space for
two-way traffic so our team decided that our design would incorporate two-way traffic, in which,
90° parking angles are utilized. From there, the development of the overall parking was pieced
together. To develop the overall parking layout, the parking structure was broken down into
three bays spanning east/west and two bays spanning north/south, as shown in Figure 30. The
size of the bays is typical to a parking garage of similar dimensions. This allows for optimal space
for parking and adequate drive lanes.

BAY 2

END BAY

END BAY

BAY 1

BAY 3

Figure 30: Parking Structure Breakdown
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Bays 1, 2, and 3, span 200 feet and are 58 feet wide. These bays make up the majority of
the parking area to be had. At the north (top) and south (bottom) wall of each bay, are 6 columns.
Each bay will have a row of parking stalls lined along each row of columns. The dimensions of the
drive lanes can then be verified by subtracting the overall width of the bay by the two rows of
parking stalls in each bay. In this case the parking bay is 58 feet wide, and two rows of 18 feet
deep parking stalls equates to a drive lane that is 22 feet wide. The minimum drive lane width for
a two-way parking garage, according to the City of Kalamazoo, is 20 feet. The width of the stall
must be a minimum of 8.5 feet. Using a minimum width of 8.5 feet, maximizes the number of
stalls per row. Another factor in determining the number of stalls per row are the columns along
which the row of stalls is lined up. These columns protrude outward from the wall and will reduce
the area of parking available. The columns are set 40 feet apart from each other. To avoid any
vehicular damage to the columns, it is important to not have parking stalls touching the columns.
For this to happen four 8.5 feet wide parking stalls will sit in between the columns, providing
ample room for the columns to occupy. With this parking configuration, bays 1-3 can hold 40
vehicles while providing a drive lane that can accommodate two-way traffic.
The two end bays span 174 feet and are 40 feet wide. Each of these bays are not wide
enough to support two-way traffic and two rows of parking. Also occupying these end bays are
two stair towers shown in Figure 29. A similar process of determining the number of stalls was
used to develop the parking geometry in these bays. 14 stalls will fit along the outer walls while
provided space for the columns. Additionally, 4 stalls can be added to the end bays in between
the stair towers and bays 1 & 3. The final total number of stalls on this floor plan is 156. It is
important to note that this is only the case on the second level of the parking garage. The final
parking layout at level 2 is shown below in Figure 31.
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Figure 31: Level 2 Parking Layout

The first and third levels will have less space for available parking since the ramp bay, Bay
2 in Figure 30, is only half available for parking at these levels. This reduction equates to a total
of 136 stalls on level 3. Level 3 parking layout is shown in Figure 21 of Appendix III. In addition to
the ramp reduction, the available space for parking at level 1 is reduced by the entrance and exit
on the east wall. Parking space at level 1 will have another slight reduction because this level will
hold the required handicapped parking per the Americans with Disabilities Act (ADA). These stalls
are required to be 8 feet wide and must have at least 5 feet of available space on either side of
the stall per ADA parking requirements. This 5-foot space requirement at each ADA parking space
means there will be slightly less available parking at level 1. The number of required handicap
stalls is related to the number of total stalls in the garage. With the configuration of level 2 shown
above in Figure 31, and with the addition of levels 1 & 3, our parking structure will have a total
of 420 parking stalls. ADA requires that for a parking garage with 401-500 stalls, 8 of those stalls
are required to be ADA accessible. The final parking geometry for level 1 is shown in Figure 32
below.
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Figure 32: Level 1 Parking Layout
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6.

Cost Estimation

It is necessary to implement accurate cost estimations for any project. These estimates
were created using RS Means, a software used for cost estimating, and put into a master
spreadsheet organized by trade. Cost estimates consider all the components that make up the
project, preconstruction fees, material, equipment and labor fees. Items involved in material fees
include all concrete utilized during the construction, this consists of the precast design members.
Equipment and labor fees were determined based on information provided by RS Means for realtime market rates. By researching similar projects, this estimate was developed to include all
aspects of the total price of the work that is to be performed. Structural material quantities were
used to create the line-item estimates for the most important and most expensive parts of the
project. Some of the items that were included in the estimate included excavation of existing soil,
fine grading, precast concrete erection, pavement striping, trees, grass, bushes/shrubs, EV
charging stations, signage for the structure, and emergency alarm systems with ADA compliance.
The overall estimated total cost of this project is $5,323,526. Table 17 below illustrates the
schedule of values for this project.

Table 17: Project Schedule of Values

Equipment Costs

$195,979

Material Costs

$3,551,054

Labor Costs

$1,500,558

Miscellaneous Costs

$75,933

ESTIMATED TOTAL COST

$5,323,526

* Please refer to Appendix IV for complete detailed cost estimates. *
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7.

Construction Scheduling

The construction schedule was created using Microsoft Project and looking at other
project’s construction schedules that are like this. This was created by including predecessors to
multiple tasks which can hinder or accelerate the construction of the structure. The major
constraint that was provided on this project is the timeframe of a bit under four months to
complete this project to substantial completion. The full project schedule showing all tasks and
relevant durations can be found in Appendix V of this report.

7.1 Work Breakdown Structure
To complete the parking structure within the tight time constraint of 4 months it is critical
that precast panels are ordered ahead of time due to long lead times. The erection of the precast
concrete panels is a swift and quick process that comprises the main structure. First, the
construction crews will start with site mobilization and preparation. This includes setting up the
laydown area for all subcontractors involved, tying in site temporary power, connecting the
construction manager’s site office, which is typically a trailer to provide power, all site fencing,
site signage, establishing material drop off routes, etc. Next, the earthwork subcontractor is to
provide all tree protection per Western Michigan University’s standards and ensure all sediment
control measures are properly in place. Once those tasks are complete, excavation work is to
begin on the site which includes milling of the existing asphalt and soils. Following the removal
of material, the earthwork contractor will begin compacting and grading the soil to appropriate
density and slope. Following the grading the earthwork subcontractor will drive pile and install
the pile caps. The purpose of the pile caps is to ensure that the structure will hold up and the soil
underneath will not fail unexpectedly. Following the installation of the piles and pile caps, the
mechanical, electrical, and plumbing subcontractors will tie-in to utilities and route under slab
conduit through the limits. Following the MEP tie-in foundation walls will be formed to kick off
structural development. Once the foundation walls are put in place, the slab on grade will be
formed to provide the first drivable surface in our structure. After the slab-on-grade is complete
it will take the steel contractor and precast concrete contractor working concurrently for 10 days
to erect the first level columns. Following the completion of the columns being placed, the beams
on level 1 will be placed. The construction schedule is outlined in detail in sequential order, and
it is imperative that no setbacks happen during construction to ensure adequate parking is
provided on the main campus before the influx of students in September.
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7.2 Schedule Scope Breakdown
To fulfill the construction needs of this project, multiple skilled trades will be required to be
on site concurrently to achieve timely substantial completion. The necessary trades needed to
complete this project include excavators, landscapers, precast concrete installers, site concrete
placers, structural steel workers, glazers, joint sealant applicants, plumbers, mechanical workers,
and electricians. The following are the skilled trades listed with tasks on the schedule that they
are involved in contributing to:
•

•

•

•

•

•

•
•

Sitework and Excavation:
o Site Prep/Mobilization
o Excavation/Milling of Existing Land
o Grading of Soil
Landscaping:
o Tree Installation
o Shrub Installation
o Grass Seeding/Sodding
Precast Concrete:
o Foundation Walls
o Slab on Grade
o Erect Columns
o Set Beams
o Place Double-Tees
o Precast Concrete Panels
Site Concrete:
o Driven Piles and Installation of Pile Caps
o Site Work (Approaches, Sidewalk)
Structural Steel:
o Steel Framing
o Prefabricated Stairs
Glazers:
o Curtainwall System
▪ Glazing on Curtainwall System
Joint Sealant:
o Sealants on all Precast Concrete Connections
Painters:
o Pavement Striping
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•

•

•

Plumbers:
o Under Slab MEP
o MEP Rough-in
o Site Utilities
Mechanical:
o MEP Rough-in
o Mechanical Devices
Electricians:
o Under Slab MEP
o MEP Rough-in
o Site Utilities
o Electrical Devices
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8

Sustainability Considerations

The introduction of a parking structure to expand parking availability will have an
immediate positive impact regarding the social and economic aspects of sustainability.
Eliminating the stress and lost time students face due to parking capacity strain will allow them
to be more prepared for, and spend more time in, class. This will eventually lead to the
development of more elite students and eventually more productive members of society.
Economically, a well-managed parking structure means more money for the university. Because
more spaces are available, the number of students willing to drive their own cars to class will
increase, meaning more revenue in the form of parking permits. In addition, making a large
investment into the well-being of the students will show a commitment by the university to
ensuring student success, which could lead to an uptick in enrollment.
When considering environmental sustainability, there are two main positive impacts of
our parking structure. The first being the decrease in vehicle emissions in the area. Vehicle
emissions will decrease because students will no longer need to circle lot 72W, and other student
lots in the area, to find an available parking or leave their engine idling. They may now drive into
a parking structure and park. No more wasting gas, and no more unnecessary release of vehicle
emissions.
The second environmental impact will be the increase of green space. By increasing the
amount of parking spaces vertically, we can reduce the overall footprint of the previous lot.
Because our parking structure and subsequent exterior parking area will not require the entire
existing space in Lot 72W, it will introduce additional green space in the area. By providing 420
parking spaces in our parking structure and an additional 106 exterior parking spaces, we both
met our goal of increasing Lot 72W’s capacity by greater 50% and introduced 14,000 square feet
of additional green space to the area. This final parking layout along with the additional green
space is shown below in Figure 33. The precast concrete nature of our parking structure also
allows for the possibility of vertical additions in the future, which could increase the green space
in the area even more. There should be no other significant impact as no animal habitats will be
disturbed, no water sources are in play, no farmland will be affected, and no historic monuments
will be disturbed.

70

Figure 33: Final Site Layout
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Conclusions
In conclusion, our team recommends that a 3-level precast concrete parking structure be
built on Lot 72W near the Haworth College of Business and Rood Hall on Western Michigan
University’s main campus. Our team recommends that this parking structure be constructed
using a combination of precast double-tees 10-foot in width and 58-foot in span. The beams used
in the structure should be a combination of precast L-beams, inverted T-beams, and rectangular
spandrel beams, and all columns should have square dimensions. The structure should be braced
laterally using a combination of precast concrete shear walls and structural steel. The parking
structure should have an overall width and length equal to 174 feet and 280 feet respectively.
Our team recommends that the foundational support of the parking structure should be
comprised of circularly dimensioned, precast concrete driven piles. These piles should be driven
to a depth of 35 feet below the existing ground level and pile caps should be used to transfer the
column loads to the driven piles.
Our team recommends that the additional portion of the lot not used for the parking
structure should be split between an asphalt pavement that will be used for additional parking,
and the introduction of additional green space to the area. We have determined that a parking
structure of this type will be able to increase Lot 72W’s capacity by approximately 54%,
significantly relieving the stress students are subjected to when trying to attend class in that area.
Our team estimates that, once we break ground on the site, it will take approximately
122 calendar days to complete construction. We estimate that, in total, this parking structure will
cost $5,323,526.
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Resources and references
•
•

Precast/Prestressed Design Handbook, 7th Edition
https://www.kerkstra.com/wpcontent/uploads/2020/03/Design_Handbook_7th_Edition.pdf

•
•

Precast/Prestressed Concrete Institute Design Tables & Charts
https://www.pci.org/PCI/Design_Resources/Guides_and_Manuals/Design_Tables_Chart
s.aspx

•
•

American Society of Civil Engineers/Structural Engineering Institute 7-10
file:///C:/Users/CAE-USER/Downloads/ASCE7_10_Loads.pdf

•
•

American Concrete Institute Reinforced Concrete Design Handbook
file:///C:/Users/CAEUSER/Downloads/The_Reinforced_Concrete_Design_Handbook.pdf

•
•

Geotechnical Report
file:///C:/Users/CAE-USER/Downloads/K10475-RPT-061287.pdf

•
•

Bowels Foundation Analysis, 5th Edition
file:///C:/Users/CAEUSER/Downloads/ISBN0071188444Bowles_Foundation_Analysis.pdf

•
•

Typical Values of Soil Friction Angle

•
•

Pile Cap Design Criteria

https://www.geotechdata.info/parameter/angle-of-friction

https://www.thestructuralworld.com/2018/07/20/pile-cap-design/
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•

Local Elevation Data – Kalamazoo County

• https://en-us.topographic-map.com/maps/j1y/Kalamazoo/
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Appendix I – Figures Referenced in Report Body

Appendix I Figure 1: Dimensions of Selected Double-Tee Sections

Appendix I Figure 2: General Dimensions of Selected Beam Sections
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Appendix I Figure 3: Inside Frame Member Definitions

Appendix I Figure 4: Outside Frame Member Definitions
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Appendix I Figure 5: Applied Loads on the Outside Frame

Appendix I Figure 6: Applied Loads on the Inside Frame
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Appendix I Figure 7: Shear Distribution on Beams

Appendix I Figure 8: Moment Distribution on Beams

Appendix I Figure 5: Location of 20"x20" Column with the Greatest Maximum Moment and Axial Force (Inside Frame)
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Appendix I Figure 10 - Site Soil Profile
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Appendix II – Mathcad Calculations

Appendix II Figure 1: Roof, Windward, and Leeward Wind Load Calculations
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Appendix II Figure 2: Flexural Steel Design Calculations for the 3rd Level L-Beam
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Appendix II Figure 3: Shear Steel Design Calculations for the 3rd Level L-Beam
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Appendix II Figure 4: Flexural Steel Design Calculations for the 2nd Level L-Beam
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Appendix II Figure 5: Shear Steel Design Calculations for the 2nd Level L-Beam

84

Appendix II Figure 6: Flexural Steel Design Calculations for the 3rd Level T-Beam
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Appendix II Figure 7: Shear Steel Design Calculations for the 3rd Level T-Beam
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Appendix II Figure 8: Flexural Steel Design Calculations for the 2nd Level T-Beam
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Appendix II Figure 9: Shear Steel Design Calculations for the 2nd Level T-Beam
88

Appendix II Figure 10: Flexural Steel Design Calculations for the Spandrel Beam
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Appendix II Figure 11: Shear Steel Design Calculations for the Spandrel Beam
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Appendix II Figure 12: Bearing Capacity of Natural Sand Soil Layer Used in Driven Pile Design
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Appendix III - AutoCAD Drawings

Appendix III Figure 2: Shear Steel Design of 3rd Level L-Beam
Appendix III Figure 1: Flexural Steel Design of 3rd Level L-Beam
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Appendix III Figure 4: Shear Steel Design of 2nd Level L-Beam

Appendix III Figure 3: Flexural Steel Design of 2nd Level L-Beam
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Appendix III Figure 6: Shear Steel Design of 3rd Level T-Beam
Appendix III Figure 5: Flexural Steel Design of 3rd Level T-Beam
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Appendix III Figure 8: Shear Steel Design of 2nd Level T-Beam

Appendix III Figure 7: Flexural Steel Design of 2nd Level T-Beam
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Appendix III Figure 10: Shear Steel Design of Spandrel Beam

Appendix III Figure 9: Flexural Steel Design of Spandrel Beam
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Appendix III Figure 11: 18”x18” Column Design
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Appendix III Figure 12: 24”x24” Column Design
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Appendix III Figure 13: 20”x20” Column Design
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Appendix III Figure 14: Ramp H-Column Design
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Appendix III Figure 15: Driven Pile/Pile Cap Configuration Supporting
18”x18” Columns

Appendix III Figure 16: Driven Pile/Pile Cap Configuration Supporting
20”x20” Columns
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Appendix III Figure 17: Driven Pile/Pile Cap Configuration
Supporting 18”x18” Columns

Appendix III Figure 18: Driven Pile/Pile Cap Configuration Supporting the Ramp
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Appendix III Figure 19: Level 1 Parking Layout
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Appendix III Figure 20: Level 2 Parking Layout

104

Appendix III Figure 21: Level 3 Parking Layout
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Appendix IV- Detailed Cost Estimate

Description

Daily
Output

Total

Mat.
O&P

Labor
O&P

Equip.
O&P

Ext. Mat.
O&P

Total
O&P

Ext. Labor
O&P

Ext.
Equip.
O&P

Ext. Total
O&P

Precast slab,
roof/floor
members,
grouted, solid,
6" thick,
prestressed

2800

$
8.65

$
7.91

$
1.06

$
0.88

$
9.85

$
676,486.93

$
90,654.38

$
75,260.24

$
842,401.55

Insurance,
standard
builders’ risk,
minimum

0

$
0.02

$
0.02

$
-

$
-

$
0.02

$
1,623.57

$
217.57

$
180.62

$
1,710.46

Construction
management
fees

0

$
-

$
-

$
-

$
-

$
-

$
-

$
-

$
-

$
437,273.46

Architectural
fees

0

$
-

$
-

$
-

$
-

$
-

$
-

$
-

$
-

$
437,273.46

Field testing,
for concrete or
steel building,
minimum

0

$
4,076.07

$
-

$
-

$
-

$
4,485.01

$
-

$
-

$
-

$
76,245.17

Pavement
markings,
parking stall,
thermoplastic,
white, 4" wide

300

$
26.50

$
20.88

$
5.13

$
4.73

$
30.74

$
7,516.80

$
1,846.80

$
1,702.80

$
11,066.40
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Structural steel
beam or girder,
100-ton
project, 1 to 2
story building,
W10x49, A992
steel, shop
fabricated, incl
shop primer,
bolted
connections

550

Parking LED
Luminaire,
round pole
mounting, 88
lamp watts,
excl pole

2

Storefront
systems,
aluminum
frame,
commercial
grade, clear
3/8" plate
glass, 3' x 7'
door with
hardware, 400
SF max wall,
wall height to
12' high
Signs, stock,
aluminum,
reflectorized,
.080"
aluminum, 24"
x 24", excludes
posts

$
92.87

$
94.28

$
5.21

$
4.64

$
104.13

$
123,695.36

$
6,835.52

$
6,087.68

$
136,618.56

$
1,399.21

$
1,370.85

$
242.55

$
-

$
1,613.40

$
24,675.30

$
4,365.90

$
-

$
29,041.20

150

$
27.20

$
26.43

$
5.10

$
-

$
31.53

$
9,514.80

$
1,836.00

$
-

$
11,350.80
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$
58.04

$
43.50

$
18.44

$
7.96

$
69.90

$
2,610.00

$
1,106.40

$
477.60

$
4,194.00
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Fine grading,
for roadway,
base or
leveling
course, large
area, 6,000
S.Y. or more

2000

$
0.60

$
-

$
0.38

$
0.39

$
0.77

$
-

$
16,811.20

$
17,253.60

$
34,064.80

Excavating,
trench or
continuous
footing,
common earth,
1/2 C.Y.
excavator, 4' to
6' deep,
excludes
sheeting or
dewatering

200

$
4.21

$
-

$
3.80

$
2.07

$
5.87

$
-

$
27,428.40

$
14,941.26

$
42,369.66

Reinforcing
steel, in place,
beams and
girders, #8 to
#18, A615,
grade 60, incl
labor for
accessories,
excl material
for accessories

2.7

$
1,781.18

$
1,524.80

$
653.81

$
-

$
2,178.61

$
26,074.08

$
11,180.15

$
-

$
37,254.23

Reinforcing
steel, in place,
beams and
girders, #3 to
#7, A615,
grade 60, incl
labor for
accessories,
excl material
for accessories

1.6

$
2,055.23

$
1,524.80

$
1,096.20

$
-

$
2,621.00

$
94,385.12

$
67,854.78

$
-

$
162,239.90
108

Prestressed
concrete piles,
20" diameter,
4" wall, priced
using 200
piles, 50' long,
unless
specified
otherwise,
excludes pile
caps or
mobilization

560

$
73.84

$
72.48

$
4.98

$
5.52

$
82.98

$
208,742.40

$
14,342.40

$
15,897.60

$
238,982.40

Prestressed
concrete piles,
14" diameter,
2-1/2" wall,
priced using
200 piles, 50'
long, unless
specified
otherwise,
excludes pile
caps or
mobilization

680

$
49.44

$
48.92

$
4.11

$
3.18

$
56.21

$
23,481.60

$
1,972.80

$
1,526.40

$
26,980.80

Structural
concrete, in
place, pile cap
(3000 psi),
square or
rectangular,
under 10C.Y.,
includes forms
(4 uses),
Grade 60
rebar, concrete
(Portland
cement Type
I), placing and
finishing

54.14

$
291.04

$
239.78

$
118.04

$
0.52

$
358.34

$
19,326.27

$
9,514.02

$
41.91

$
28,882.20
109

Metal parking
bumpers, pipe
bollards,
concrete
filled/painted,
8' L x 4' D hole,
6" diam.

20

$
471.75

$
467.62

$
48.48

$
16.94

$
533.04

$
5,611.44

$
581.76

$
203.28

$
6,396.48

Prestressed
concrete piles,
24" diameter,
5" wall, priced
using 200
piles, 50' long,
unless
specified
otherwise,
excludes pile
caps or
mobilization

520

$
102.27

$
103.28

$
5.38

$
5.94

$
114.60

$
49,574.40

$
2,582.40

$
2,851.20

$
55,008.00

Mobilization or
demobilization,
crane, large
lattice boom,
requiring
assembly

0.5

$
11,958.08

$
-

$
7,347.45

$
8,190.00

$
15,537.45

$
-

$
14,694.90

$
16,380.00

$
31,074.90

Prestressed
concrete piles,
12" diameter,
2-3/8" wall,
priced using
200 piles, 50'
long, cylinder,
unless
specified
otherwise,
excludes pile
caps or
mobilization

720

$
47.34

$
46.51

$
3.89

$
3.00

$
53.40

$
114,414.60

$
9,569.40

$
7,380.00

$
131,364.00
110

Precast beam,
L shaped, 20'
span, 18" x
36", includes
material only

24

$
5,740.99

$
6,134.40

$
123.44

$
102.02

$
6,359.86

$
588,902.40

$
11,850.24

$
9,793.92

$
610,546.56

Precast beam,
tee shaped, 20'
span, 24" x
44", includes
material only

22

$
6,772.32

$
7,257.60

$
134.11

$
111.38

$
7,503.09

$
116,121.60

$
2,145.76

$
1,782.08

$
120,049.44

Precast
column, to 12'
high, 16" x 16",
3000 psi

120

$
263.46

$
252.29

$
24.77

$
20.59

$
297.65

$
24,219.84

$
2,377.92

$
1,976.64

$
28,574.40

Precast
column, to 12'
high, 24" x 24",
3000 psi

96

$
357.43

$
345.60

$
30.86

$
25.74

$
402.20

$
232,243.20

$
20,737.92

$
17,297.28

$
270,278.40

Electric vehicle
charging, wall
mounted,
heavy duty, no
RFID

15.36

$
804.64

$
846.56

$
56.98

$
-

$
903.54

$
8,465.60

$
569.80

$
-

$
9,035.40

Electric vehicle
charging, wall
mounted,
heavy duty,
with RFID

12.29

$
4,396.56

$
4,785.95

$
70.84

$
-

$
4,856.79

$
47,859.50

$
708.40

$
-

$
48,567.90

Curtain wall,
aluminum,
stock, including
glazing,
maximum

160

$
186.43

$
198.24

$
10.09

$
-

$
208.33

$
713,664.00

$
36,324.00

$
-

$
749,988.00

Field
personnel,
project

0

$
2,100.00

$
-

$
3,500.00

$
-

$
3,500.00

$
-

$
59,500.00

$
-

$
59,500.00
111

manager,
maximum
Field
personnel,
superintendent,
maximum

0

$
1,950.00

$
-

$
3,250.00

$
-

$
3,250.00

$
-

$
55,250.00

$
-

$
55,250.00

Field
personnel, field
engineer,
senior
engineer,
maximum

0

$
1,275.00

$
-

$
3,625.00

$
-

$
3,625.00

$
-

$
61,625.00

$
-

$
61,625.00

Temporary
lighting, 40,000
S.F. building, 8
strings, incl.
service lamps,
wiring and
outlets

34

$
12.19

$
3.35

$
14.86

$
-

$
18.21

$
1,236.15

$
5,483.34

$
-

$
6,719.49

Temporary
fencing, wire
mesh, on
100mm x
100mm posts,
8' high

80

$
24.70

$
19.91

$
10.60

$
-

$
30.51

$
22,299.20

$
11,872.00

$
-

$
34,171.20

Project signs,
sign, high
intensity
reflectorized,
buy, excl. posts

0

$
12.61

$
13.89

$
-

$
-

$
13.89

$
694.50

$
-

$
-

$
694.50

Joint sealants,
rigid joint
sealants,
tapes, sealant,
PVC foam
adhesive, 1/16"
x 1"

0

$
16.04

$
17.59

$
-

$
-

$
17.59

$
87,950.00

$
-

$
-

$
87,950.00
112

Firestopping,
construction
joints,
concrete/CMU
wall joints, 2"
wide

75

$
40.16

$
39.97

$
5.89

$
-

$
45.86

$
199,850.00

$
29,450.00

$
-

$
229,300.00

Utility area
drain, catch
basins or
manholes
frames and
covers, cast
iron, heavy
traffic, 24"
diameter, 400
lb., excluding
footing &
excavation

7.8

$
411.49

$
319.03

$
137.46

$
43.52

$
500.01

$
3,190.30

$
1,374.60

$
435.20

$
5,000.10

Stormwater
management,
allowance, add
per S.F. of
impervious
surface

6000

$
2.07

$
2.01

$
0.35

$
0.05

$
2.41

$
36,180.00

$
6,300.00

$
900.00

$
43,380.00

Deciduous
trees,
honeylocust,
balled &
burlapped
(B&B), 10' 12', 1-1/2"
caliper, in
prepared beds

10

$
701.80

$
602.60

$
141.68

$
74.41

$
818.69

$
15,065.00

$
3,542.00

$
1,860.25

$
20,467.25

Shrubs and
trees,
evergreen, in
prepared beds,
cedar, blue,

18

$
283.75

$
218.04

$
78.54

$
41.18

$
337.76

$
5,451.00

$
1,963.50

$
1,029.50

$
8,444.00
113

B&B, 8' - 10', in
prepared beds
Seeding,
mechanical
seeding, 215
lb./acre

1.5

$
853.66

$
570.40

$
269.50

$
184.39

$
1,024.29

$
570.40

$
269.50

$
184.39

$
1,024.29

Sodding,
bluegrass sod,
on level
ground, 1"
deep, 8 M.S.F.

22

$
580.25

$
575.00

$
72.77

$
12.31

$
660.08

$
25,047.00

$
3,169.86

$
536.22

$
28,753.08

Smoke and
carbon
monoxide
alarm battery
operated
photoelectric
low profile

24

$
73.81

$
63.50

$
26.34

$
-

$
89.84

$
2,857.50

$
1,185.30

$
-

$
4,042.80

Detection
system, fire
alarm,
detector, rate
of rise, excl.
wires & conduit

8

$
80.13

$
34.50

$
79.52

$
-

$
114.02

$
1,552.50

$
3,578.40

$
-

$
5,130.90

Detection
system, fire
alarm signal
bell 10" red 2024 V P

8

$
217.13

$
185.00

$
79.52

$
-

$
264.52

$
8,325.00

$
3,578.40

$
-

$
11,903.40

Sound system,
intercom
handset

8

$
539.13

$
535.00

$
79.52

$
-

$
614.52

$
535.00

$
79.52

$
-

$
614.52

Sound system,
intercom outlet

8

$
115.13

$
72.50

$
79.52

$
-

$
152.02

$
72.50

$
79.52

$
-

$
152.02
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Detection
system, visual
alarm, ADA
type, excluding
wires &
conduits

6.7

$
167.25

$
120.00

$
95.22

$
-

$
215.22

$
5,400.00

$
4,284.90

$
-

$
9,684.90

Detection
system, strobe
& horn, ADA
type, excluding
wires &
conduits

5.3

$
216.95

$
157.00

$
120.55

$
-

$
277.55

$
7,065.00

$
5,424.75

$
-

$
12,489.75

Video
surveillance
cameras,
wireless,
hidden in exit
signs, clocks,
etc, includes
receiver

3

$
279.68

$
164.00

$
212.73

$
-

$
376.73

$
7,380.00

$
9,572.85

$
-

$
16,952.85

Video
surveillance,
master monitor
station, 3 doors
x 5 color
monitor with tilt
feature,
complete

2

$
1,220.51

$
1,125.00

$
319.10

$
-

$
1,444.10

$
1,125.00

$
319.10

$
-

$
1,444.10

$
65,811.13

$
3,551,054.86

$
626,011.36

$
195,979.67

$5,323,526.68

$
52,218.81
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Appendix V – Project Schedule GANNT Chart
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